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Specification 

Categories 

Integrated Avionics Unit  

(IAU) 

  Solid State Recorder 

 (SSR) 
Totals 

Functional 

 C&DH: Data Processing, Digital & Analog I/O 

 ACS I/F, Control & Monitoring 

 Mechanism Deployment  

 Power Control & Monitoring 

 Thermal I/F, Control and Monitoring 

 Instrument I/F, Control & Monitoring 

 Science Data Acquisition, Storage & Playback  

 Required due to large 

data storage volume 

requirement 

Performance 
• 3-Axis Stabilized Algorithm Processing 

• Support 100+ Mbps Downlink Data Rate 
 100+ Gbits Data Storage 

Fault Tolerance 
Single Fault Tolerant 

 (Internal design risk mitigation) 

Internally Redundant with 1 

spare memory card 

Avionic Units 

(cards) 

1 unit 

(10 cards) 

1 unit 

(6 cards) 
2  units 

Physical Unit Size 
Width:    25 cm 

Depth:   19 cm 

Height:  10 cm 

Width:   18 cm 

Depth:   25 cm 

Height:  11 cm 

Mass (total) 12 kg 12 kg 24 kg 

Average Power: 

Peak Power: 

59 W  

68 W 

24 W  

24 W 

83 W 

92 W 

Technical Risk Small Small Small 

Development Risk Small Small Small 

Executive Summary 

Spacecraft Avionic System 
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PACE Electrical System 
Schematic Diagram 
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Subsystem Overview 

• Class-C mission – assumptions 
– Selective redundancy/mitigation at a low level 
– Critical components may have built-in redundancy (e.g., SSR) 

• Integrated Avionic Unit (IAU) 
– Selective redundancy/mitigation at the board design level 
– Commercial products to be purchased if possible (COTS) 
– Dedicated cards designed at GSFC if needed 

• Solid State Recorder (SSR) 
– Built-in redundancy 
– Have an X-Band transmitter card for high speed COMMS 

• General 
– GPS timing and position data available, to be distributed via dedicated bus 
– Safehold scheme/algorithm on a dedicated implementation to account for specific 

instrument safety/survival requirements 
– Maximum downlink data rate limited by current high-TRL hardware/software options 
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Avionic System Probability of Failure Curve 

Avionics/Electronics failures fall into two categories: 

1. Infant-Mortality Failures 

2. Stress Induced Longevity Failures 

Probability 

of Failure 

On-Orbit Life (Years) 

High 

Low 

1 3 2 5 4 7 6 10 8 9 0 

1. Infant-Mortality Failures 

2. Stress Induced Longevity Failures 
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Probable Avionic System Implementation Products: 
  

#1a. Broad Reach Integrated Avionics Unit (IAU)  
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Probable Avionic System Implementation Products: 
  

#1b. SEAKR GEN1 Integrated Avionics Unit (IAU) 
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Probable Avionic System Implementation Products: 
  

#2. SEAKR P9 Solid State Recorder (SSR) 
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Avionics System Block Diagram 
Showing Modules and Sub-Modules 

Integrated Avionics Unit (IAU)

Solid State Recorder (SSR)

(100 Gbit)

Secondary Power

Serial Data Lines

Secondary 

Power

Backplane 

Data Bus

Analog

S/C Power

GPS

Timing 

Signal 

S/C Power

Serial Data 

Lines

Memory Card #2

Power Converter/Regulator Card

X-Band Downlink Card

Data Acquisition Input Card

SSR Controller Card

Memory Card #1

Analog Card

PCI Data Bus

Single Board Computer

Analog Card (x2)

Solar Array Gimbal Drive Elec

Low Voltage Power Converter/Regulator Card

Payload Instrument I/O & Timing Card

S-Band Comms Card

Heater & Deployment Actuation Elect Card

Torque Rod Control Electronics

Thruster Valve Drive Elec Card

mailto:betsy.edwards@nasa.gov


Avionics, p11 

Final Version 

M  i  s  s  i  o  n      D  e  s  i  g  n      L a b o r a t o r y 

14 – 18 May, 2012 

PACE 2012 
Do not distribute this information without permission 

from Betsy Edwards/NASA-HQ (betsy.edwards@nasa.gov) 

Subsystem Description - IAU 

Integrated Avionic Unit (IAU) cards source Description 

LVPC/Regulator card 1 COTS Power conditioning and distribution 

S-Band Uplink/Downlink card 1 COTS Ground communications 

Rad-750 Single Board Computer card 1 COTS C&DH and control 

Solar Array Gimbal Drive card 1 COTS Solar Array control 

Torquer Rod Control Electronics card 1 COTS ACS management 

Heater & Deployment Actuation Elect card 1 custom Thermal system control, deployments 

Thruster Valve Drive Elect card 1 COTS Propulsion 

Payload Instrument I/O & Timing card 1 custom Digital I/O, Safehold, GPS/timing signals 

Analog card 2 custom Analog I/O (actual number TBD) 

Backplane 1 COTS Single backplane 

Chasis 1 COTS Standard 
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Subsystem Description - SSR 

Solid State Recorder (SSR) 1 Internal designed redundancy 

Power Converter/Regulator card 1 Power conditioning and distribution 

X-Band Downlink card 1 Direct ground high speed communications 

Data Acquisition Input card 1 Data I/O 

SSR Controller card 1 Controller 

Memory Card #1 1 Memory (actual number and configuration TBD) 

Memory Card #2 1 Memory 

Backplane 1 Per vendor specs 

Chasis 1 Standard 

All these components should be commercially available (COTS) 
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Data Acquisition Analysis 

• Baseline 
– Orbit: 98.2 minutes 
– Observation time: 47min/orbit 
– OCE data rate: 10Mbps 
– Polarimeter data rate: 2.2Mbps 
– S/C housekeeping: 4kbps 
– Science data latency: 180 minutes 
– Max X-Band transmission rate: 105Mbps 

• General considerations 
– GPS timing and position data available, to be distributed via dedicated bus 
– Safehold scheme/algorithm on a dedicated implementation to account for 

specific instrument safety/survival requirements 
– Maximum downlink data rate limited by current standard high-TRL hardware 

• Baseline Results 
– Need >45Gbit of storage per orbit (30% margin & CCSDS included) 
– Need >90Gbit of storage (2 orbits) to avoid data loss in the event of missing 

one communication contact 

• Broadcast Option 
– Science data transmission on-the-fly 
– Science data rate ~12Mbps 
– No major hardware impact identified to implement this option 
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Data Acquisition Analysis – 2 orbits 
storage 

Data Acquisition - Broadcast Option   Data Storage  -  Baseline 
  

Data Downlink - 

Baseline 

Data  

Source 

 or 

 type 

Average 

Raw Data 
(compressed) 

Rate  

 

(kbps) 

Average 

Raw Data 

Acquisition 

Period 

 

(minutes) 

  

Total 

Data 

Volume 

 Per Orbit 

Before 

Margin 

 

 ( Gbits ) 

Data 

Rate 

Margin 

 or  

Contin

- 

gency 

 ( % ) 

Data 

Volume 

Per Orbit 

 with  Data 

Rate 

Margin 

 & CCSDS 

 

 ( Gbits ) 

Data 

Volume 

 Two 

Orbits with 

Data Rate 

Margin 

(Gbits) 

  

Downlink 

Data Rate 

 

 (Mbps) 

Trans— 

mission 

Time 

for Two 

Orbit Data  

  (minutes) 

                      

OCE-2 Science + 

H/K 
10,000 47   28.2 30% 37.43 74.9   

105 14.5 

Polarimeter Science 

+ H/K 
2,200 47   6.2 30% 8.23 16.5   

Spacecraft H/K Data 4 99   0.024 30% 0.03 0.1   
                  

Total 12,204     34.5   45.7 91.4   
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Avionics System Mass & Power Rack-Up  

Summary 

Avionics System - Summary 
PACE 

Number 

of Units 

Total Mass 

(kg) 

Total Power 

(W, Ops) 

Integrated Avionic Unit (IAU) 1 12.1 59.0 

Solid State Recorder (SSR) 1 12.1 24.0 

Totals 2 24.2 83.0 

Note: values on summary chart are nominal mass and power ops. 
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Thermal Cooling 

Heat-Conduction 

Flow Direction 

Allowable Launch 

Directions and/or 

Primary 

Forces/Loads 

Base-Plate 

Avionic Unit Physical Configurations, 
Orientations, and Sizes 

3U-160 

Size Cards 

Width 

25.0 cm 

Depth 

19.0 cm 

Height 

10.2 cm 

6U-220 

Size Cards 

Width 

18.5 cm 

Depth 

25.5 cm 

Height 

11.5 cm 

Integrated Avionics Unit (IAU) Solid State Recorder (SSR) 

Thermal Cooling 

Heat-Conduction 

Flow Direction 

Allowable Launch 

Directions and/or 

Primary 

Forces/Loads 

Base-Plate 
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Radiation Effects Analysis 

Total Ionizing Dose Effects – 3 years 
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Radiation Effects Analysis 

Total Ionizing Dose Effects – 5 years 
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Radiation Effects Analysis 

Total Ionizing Dose Effects – Conclusions 

 Mission assumptions: 

 Design for a 3 year mission life with 5 years consumables option. 

 The maximum total ionizing dose (TID) for the electronics should not exceed ~50krads to 

minimize development costs and to use commercially available build-to-print products. 

 Design assumptions: 

 Standard, off-the-shelf chassis construction provide about 2mm of  Al 

 Assume that the surrounding S/C provide 1mm of “free” shielding 

 Assumed effective total shielding built-in: ~3mm of  Aluminum 

 Results: 

 Max TID expected after 3 years: ~9krads (18krads with margin) 

 Max TID expected after 5 years: ~21krads (42krads with margin) 

 Conclusion: 

 No extra chassis shielding is required if high quality components are used. 

 If a 5 years mission (or longer) becomes a firm goal for this project, additional shielding 

should be considered. 
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Issues / Potential Risks / Future work 

 Faster X-Band transmission rate 

 Previous missions have reported faster X-Band transmission rates (300Mbps) 

 Avionics hardware not considered 

 Redundancy Management Unit (RMU) 

 Monitor IAU health and initiate RESET to primary or switchover to spare if needed 

 Recommended if a higher redundancy strategy is implemented 

 Adds 3kg mass and 10W power requirements 

 Imply additional hardware redundancy (even more mass & power needed) 

 No major technical risks have been identified at this time 

 Concept based on conservative assumptions using current TRL understanding 

mailto:betsy.edwards@nasa.gov


Avionics, p21 

Final Version 

M  i  s  s  i  o  n      D  e  s  i  g  n      L a b o r a t o r y 

14 – 18 May, 2012 

PACE 2012 
Do not distribute this information without permission 

from Betsy Edwards/NASA-HQ (betsy.edwards@nasa.gov) 

Acronym List 

 ACS Attitude Control System 

 Al Aluminum (element) 

 BB  Breadboard 

 C&DH Command and Data Handling 

 CDR Critical Design Review 

 CDU COMSEC Decryption Unit 

 cm centimeter 

 COMMS communications 

 COMSEC Communications Security 

 COTS Commercial Off The Shelf 

 Cs Cesium (element) 

 CsC Cesium Clock 

 CSS Coarse Sun Sensor 

 CCSDS Consultative Committee for Space Data Systems 

 DEA Detector Electronics Assembly 

 DPA Digital Processing Assembly 

 DSN Deep Space Network 

 DSS Digital Sun Sensor 

 EDAC Error Detection and Correction (circuitry) 

 EOM End Of Mission 

 ETU Engineering Test Unit 

 FEE Front End Electronics 

 FMA      Flight Mirror Assembly 

 FSS Fine Sun Sensor 

 FSW Flight Software 

 FT Functional Test 

 Gbits Giga-bits 

 Gbps Giga-bits per second 

 GDS GSFC Dynamics Simulator 

 GNC Guidance, Navigation and Control 

 GOTS Government Off The Shelf 

 GPS Global Positioning System 

 GSE Ground Support [test] Equipment 

 GSFC Goddard Space Flight Center 

 

 

 HGA High Gain Antenna 

 HK Housekeeping 

 IAU Integrated Avionics Unit  

 kbps Kilo-bits per second 

 kg kilogram 

 LV Launch Vehicle 

 Mbps Mega-bits per second 

 MEL Master Equipment List 

 µs micro-second 

 MOC Mission Operations Center 

 MW Momentum Wheel 

 NSA National Security Agency 

 PSE Power System Electronics 

 RIU Remote Interface Unit 

 RMU Redundancy Management Unit 

 ROM Read-Only Memory 

 RF Radio Frequency 

 RT Real Time 

 RW Reaction Wheel 

 RWA Reaction Wheel Assembly 

 SA Solar Array 

 S/C Spacecraft 

 SDPC Science Data Processing Center 

 SOC Science Operations Center 

 SSR Solid State Recorder 

 ST Star Tracker 

 SUROM Start-Up ROM (boot program) 

 T&C Telemetry and Command 

 TDRSS Tracking & Data Relay Satellite System 

 TLM Telemetry 

 TRL Technology Readiness Level 

 W Watts 

 

 

 BRE, Kernco, L3, SEAKR are vendors used as example 
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Backup Material 
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Avionics System Mass Rack-Up - Details 

Avionics Suite
PACE

Number 

of units
(or cards)

mass/unit

(kg)

mass

(total)

mass

margin

mass total

+ margin

science ops

power

(W)

peak

power

Integrated Avionic Unit (IAU) 1 11.1 12.1 30% 15.7 59.0 68.0

LVPC/Regulator card 1 1.1 1.1 30% 1.4 20.0 20.0

S-Band Uplink/Downlink card 1 0.9 0.9 30% 1.2 5.0 5.0

Rad-750 Single Board Computer card 1 1.0 1.0 30% 1.3 12.0 12.0

Solar Array Gimbal Drive card 1 1.2 1.2 30% 1.6 3.0 14.0

Torquer Rod Control Electronics card 1 1.1 1.1 30% 1.4 4.0 4.0

Heater & Deployment Actuation Elect card 1 1.0 1.0 30% 1.3 6.0 6.0

Thruster Valve Drive Elect card 1 1.0 1.0 30% 1.3 2.0 0.0

Payload Instrument I/O & Timing card 1 1.0 1.0 30% 1.3 3.0 3.0

Analog card 2 1.0 2.0 30% 2.6 4.0 4.0

Backplane 1 0.3 0.3 30% 0.4 0.0 0.0

Chasis 1 1.5 1.5 30% 2.0 0.0 0.0

Solid State Recorder (SSR) 1 12.1 12.1 30% 15.7 24.0 24.0

Power Converter/Regulator card 1 1.0 1.0 30% 1.3 6.0 6.0

X-Band Downlink card 1 1.0 1.0 30% 1.3 4.0 4.0

Data Acquisition Input card 1 1.0 1.0 30% 1.3 4.0 4.0

SSR Controller card 1 0.8 0.8 30% 1.0 2.0 2.0

Memory Card #1 1 1.5 1.5 30% 2.0 4.0 4.0

Memory Card #2 1 1.5 1.5 30% 2.0 4.0 4.0

Backplane 1 0.3 0.3 30% 0.4 0.0 0.0

Chasis 1 5.0 5.0 30% 6.5 0.0 0.0

Totals (per Unit) 2 23.2 24.2 31.5 83.0 92.0
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Fault Tolerance Approach & Description 

• All Electronic Units have the following fault tolerance implementations: 

• Credible single fault tolerant via independent A and B units, or internal redundancy. 

• Cross-Strapped Electrical Interfaces. 

• Spare Units in Cold Standby 

• The Integrated Avionics Unit (IAU) requires a special fault tolerant implementation to ensure that the 

spacecraft always stays power positive and capable of receiving ground commands. 

• It uses a Redundancy Management Unit (RMU) to monitor the health of the active IAU and issues a reset 

or switches to the backup IAU if an unrecoverable fault occurs in the primary IAU. 

System Hardware 

Units 

(A) 

System Hardware 

Units 

(B) 

Redundancy 

Management 

Unit 

(RMU) 

Power  

Reset  

Health Monitor 

Integrated 

Avionics Unit 

(A) 

Integrated 

Avionics Unit 

(B) 

Cross-Strapped 

Interfaces  A 

B 

A 

B 

mailto:betsy.edwards@nasa.gov


Avionics, p25 

Final Version 

M  i  s  s  i  o  n      D  e  s  i  g  n      L a b o r a t o r y 

14 – 18 May, 2012 

PACE 2012 
Do not distribute this information without permission 

from Betsy Edwards/NASA-HQ (betsy.edwards@nasa.gov) 

Avionics Technology – Projections 

Avionics Technology Categories Advancement Projections for Avionics Technology 

Avionics Architectures 

• Spacecraft spines: Faster, more reliable Power Bus and Data Networks 

• Backplane spines: Elimination of parallel backplane busses 

• Better modularity at subsystem level and card level 

Timing 
• GPS technology is currently evolving as new satellites come on-line based on Cesium, 

Rubidium and active maser technology which promise many alternatives in the near future. 

Spacecraft Control, Monitoring and 
Data/Timing Interfaces 

• Wireless transmission by thermistors and other  sensors 

• Optical Highly-Robust Data Networks with “T” Connections 

Power Switching, Distribution, & 
Interfaces 

• Distributed Power Switching in boxes and/or cards 

• 120 VDC Power Distribution 

Science Data Acquisition, Processing 
(Reduction/Compression), Storage and 
Transmission 

• High-Performance Science Data Reduction Processing and Compression 

• High Density, Low-Power, Non-Volatile Data Storage, using Flash Memory chip stacks 

Electronic Parts Functionality and 
Performance 

• System-On-A-Chip Technology 

• Modular, Customizable Parts with simplified interfaces 

Electronics Packaging, Densities and 
Standard Card Sizes 

• Density gains and power reductions will probably be offset by increases due to modularity 

inefficiencies, fault tolerance enhancements, and functional/performance requirements. Electronics Power Consumption and 
Dissipation 

Electronics Reliability and Fault 
Tolerance 

• Architectures and interfaces that allow redundancy at lower levels such as cards and parts. 

Spacecraft Avionics Cost 

• NRE Costs should decrease modestly because of better engineering tools and highly 
modular, reusable designs. 

• Recurring costs for parts, etc may continue to rise due to inability to use COTS parts in 
space applications. 
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